BACKGROUND: Equivocal findings exist regarding prenatal acetaminophen use and various adverse neonatal and childhood health outcomes, though with no data on fetal growth. We evaluated whether fetal growth differed by maternal acetaminophen use. METHODS: Racially diverse, healthy women with low-risk antenatal profiles from 12 US clinical centers were enrolled in a prospective cohort study and followed until delivery. Ultrasound measurements of fetal parameters and self-reported prenatal acetaminophen use were collected at enrollment and up to five follow-up visits. Prenatal acetaminophen use was dichotomized as none or any. RESULTS: Among 2291 women, 932 (41%) reported the use of acetaminophen medications during the current pregnancy. Estimated growth curves of fetal parameters did not differ between women reporting use of any medication containing acetaminophen and women with no reported use of the same. CONCLUSION: Among healthy mothers with low-risk pregnancies, maternal acetaminophen use was not associated with alterations in fetal growth.
INTRODUCTION
The use of non-prescription medications is generally considered safe for non-pregnant adults, which could explain the increase in use of over-the-counter (OTC) drugs during pregnancy. 1 Use of OTC medication occurs in an estimatWed 70% of pregnancies both nationally and internationally, 2 and concerns about usage during pregnancy relative to fetal growth and development, in the absence of randomized clinical trials, remain. 3 One commonly used OTC analgesic and antipyretic, acetaminophen, also known as paracetamol outside the United States and Canada, is found in a large number of OTC and prescription drugs. 4 Maternal intake of acetaminophen during pregnancy is believed to be non-toxic in low doses and was previously listed as a Pregnancy Category B drug according to the US Food and Drug Administration. 3 The drug of choice for pain relief among most pregnant women, prenatal acetaminophen use has been reported in national and international epidemiologic studies with frequencies ranging from 29.9 to 81%. 5 Based on data from the National Birth Defect Prevention Study and the Boston University Slone Epidemiology Center Birth Defects Study, prevalence of acetaminophen use during any period of pregnancy is 65-70%; the highest prevalence was reported in the first trimester (54.2%), 50.5% in the second trimester, and the lowest in the third trimester (48.0%). 1 Given the high prevalence of acetaminophen use during pregnancy and the ability of acetaminophen to freely cross the placenta, 6, 7 researchers are now focusing on the safety of maternal exposure to acetaminophen and its effects on fetal health. Short-and long-term consequences of acetaminophen use during pregnancy are inconsistent for both animal and human studies. 8 Most of the previous literature is centered on acetaminophen use and observed birth defects in animal studies and increased odds of birth defects in human studies. In human studies, findings from a Danish prospective birth cohort study demonstrated that compared to mothers who reported no medication use, women who used paracetamol for more than 2 weeks during the first and second trimesters had increased risk of delivering boys with congenital cryptorchidism. 9 Other European studies have reported similar findings with significant associations between maternal acetaminophen use and male reproductive disorders, highlighting second trimester as a potential critical window of exposure. 10, 11 Studies specific to fetal growth are limited and results are equivocal. Biologic plausibility stems from animal models, which have demonstrated that reduced fetal length in rat pups is associated with mid-gestation maternal exposure to 125 and 350 mg of acetaminophen, dosage comparable to maternal use. 12, 13 Various concentrations of acetaminophen have been associated with morphological changes in the fetal liver. It has been hypothesized that insults to the fetal liver may result in the reduction of blood stem cells to key organs, resulting in increased risk of adverse growth and development. 12 Epidemiologic studies of prenatal acetaminophen use and fetal growth are non-existent. Our objective was to compare growth curves of fetal parameters between maternal prenatal acetaminophen use groups in a prospective cohort of low-risk, ethnically and geographically diverse maternal-fetal pairs.
PATIENTS AND METHODS

Study sample
The NICHD Fetal Growth Study-Singletons was a multi-site, prospective cohort study designed to establish a standard for normal fetal growth (velocity) and size for gestational age for racially/ethnically diverse US pregnant women. The study cohort comprised 2334 non-obese (pregravid body mass index (BMI) 19.0-29.9 kg/m 2 ) gravidas who were recruited from 12 clinical sites over the course of 4 years (2009-2013) with representation from four self-identified race/ethnicity groups: non-Hispanic black (n = 611, 26%), Asian (n = 460, 20%), non-Hispanic white (n = 614, 26%), and Hispanic (n = 649, 28%). Inclusion and exclusion criteria were specified to recruit healthy women with low-risk antenatal profiles consistent with optimal fetal growth.
14 As such, women with major risk factors for altered fetal growth (hypertension, smoking, maternal vascular disease, etc.) were excluded from the study; full details of the study are provided elsewhere. 15 Women were excluded from the current analysis if they did not meet the inclusion criteria after enrollment (n = 14, <1%), did not have ultrasound data available from at least one study exam (n = 8, <1%), or did not report any data on medication use (n = 21, 1%). Institutional review board approval was obtained from all participating sites; women gave informed consent before data collection.
Covariate data collection and self-reported acetaminophen use Women were interviewed about lifestyle, medical, and reproductive history upon enrollment and at each of the subsequent five prenatal visits. Details surrounding medication use during pregnancy was self-reported and abstracted from enrollment, study visit, and medical chart forms. During enrollment women were asked, "Since you became pregnant, have you used or taken any medications and non-prescription vitamins, minerals, herbals, and supplements?", and at each study visit, women were asked, "Since your last visit with us, have you used or taken any medications and non-prescription vitamins, minerals, herbals, and supplements?" with a response option of yes, no, refused, or don't know. For a yes response, participants could provide detailed information for each reported product including medication name (free text), whether it was prescription or non-prescription, route (i.e., by mouth, etc.), frequency, and duration of medication. At enrollment, women were asked "how often the medication was taken since pregnancy," and at each follow-up visit, women were asked "how often do/did you take the product?" (in addition to "refused" or "don't know," there were seven possible answers: "less than once a month," "once a month," "2-3 times a month (but less than once a week)," "1-2 times a week," "3-4 times a week," "5-6 times a week" and "everyday"). Additionally, women were asked whether they were still taking the reported medication at enrollment and during each follow-up visit. After delivery, abstraction of the medical charts included the name of every medication, including prescription, over the counter, and herbal medications, taken at any point during pregnancy along with the start date. Free-text maternal medication data was mapped to drug categories in the Slone Drug Dictionary with the use of the Coding Engine program. The dictionary and coding program have been used in multiple studies of medication use. [16] [17] [18] The Slone Drug Dictionary listed 1177 acetaminophen-containing medications, of which a total of 24 unique medications were reported by women in our analytic cohort. Reported acetaminophen medications by active ingredients included primarily acetaminophen (Acetaminophen, Paracetamol, Tylenol, Tylenol Extra Strength, and Children's Tylenol); acetaminophen plus Diphenhydramine HCl (Tylenol PM); acetaminophen plus cough and/or nasal suppressants (Tylenol Cold, Tylenol Sinus, and Walgreens Cough Syrup); acetaminophen plus Aspirin (Excedrin and Excedrin Extra Strength); acetaminophen plus caffeine (Aspirin-Free Excedrin); acetaminophen plus hydrocodone (Lortab, Norco, and Vicodin); acetaminophen plus oxycodone (Tylox and Percocet); acetaminophen plus codeine (Tylenol with codeine and Tylenol #3); acetaminophen plus butalbital (Fioricet and Phrenilin); acetaminophen plus propoxyphene (Darvocet); and acetaminophen plus isometheptene mucate, dichloralphenazone (Midrin).
Assessment of fetal growth Each woman was randomized to one of four follow-up schedules to capture ultrasound data across the full range of gestation while minimizing ultrasound exposure. As such, five additional ultrasounds were scheduled for each woman within ±1 week of the targeted gestational age [baseline, visit 0: 8-13 weeks; visit 1: 16-22 weeks; visit 2: 24-29 weeks; visit 3: 30-33 weeks; visit 4: 34-37 weeks; and visit 5: 38-41 weeks].
14 Fetal biometric measurements were performed at each visit according to standardized study procedures by study site sonographers who underwent credentialing that yielded excellent reliability for fetal measurements assessed via ultrasound examinations. 19 Ultrasound examination included biparietal diameter (BPD, outer to inner), head circumference (HC), abdominal circumference (AC), and femur length (FL), all measured to the nearest 0.1 mm. For all biometric measurements, three measurements were taken and averaged. Estimated fetal weight (g) was calculated from HC, AC, and FL using the Hadlock formula. 20 HC/AC ratio was calculated to assess symmetry of fetal growth. 21 FL/AC ratio was calculated as an index to identify intrauterine growth-restricted fetuses by indirectly detecting the degree of subcutaneous fat and muscle loss, independent of gestational age. 22 Study scans were captured using Voluson E8s (GE Healthcare, Milwaukee, WI, USA) with a transabdominal curved multifrequency volume transducer (realtime abdominal 4-8 MHz) and/or endovaginal multifrequency volume transducer (real-time intracavity 6-12 MHz). Study scans underwent a quality assurance (QA) process, during which 5% of study scans with triplicate images for each fetal measurement were randomly selected to be re-measured by the expert sonographer. 23 The QA demonstrated excellent (>0.90) reliability of biometric measurements between study sonographers and blinded expert reviewers.
Statistical analysis
Maternal gestational use pattern for acetaminophen-containing medications was dichotomized as no use or any use. These exposure categories were empirically selected given the potential for variable reporting of acetaminophen use. Maternal baseline characteristics were compared across gestational acetaminophen use groups using χ 2 or Kruskal-Wallis tests for categorical or continuous data, respectively.
Longitudinal trajectories of each fetal parameter and EFW were estimated for each acetaminophen use group; curves were determined for the 10th, 50th, and 90th percentiles. Fetal biometric measurements and estimated fetal weight were logtransformed to normalize distributions. Using the Linear and Nonlinear Mixed Effects Models (nlme) R package, fetal parameter growth curves for each gestational acetaminophen use group were estimated from linear mixed models with cubic splines for gestational age with knots placed at the 25th, 50th, and 75th percentiles to evenly split the distributions. All mixed models included a random intercept and slope to account for the between-and within-subject variability for each mother-fetal pair. We performed likelihood ratio tests for global differences in curves for each fetal parameter. When the global test was significant (α = 0.05), we performed pairwise comparisons for gestational weekspecific differences of fetal parameter curves by categories of maternal acetaminophen use to assess significance using Wald p values. Models were adjusted for maternal age, self-identified racial/ethnic group; type of insurance (private or managed care vs. other); education (less than high school, high school or equivalent, some college or associate degree, bachelor degree and master or advanced degree); annual income (<US$30,000, $30,000-39,999, $40,000-49,999, $50,000-74,999, $75,000-99,999, ≥$100,000); and the number of jobs worked (none, one, two, or more). The Multivariate Imputation by Chained Equations software for R was used to impute missing covariates for a total of 10 replications (m = 10): highest level of education (<1%), number of current paid jobs (<1%), type of insurance (8%), and income during last year (15%), when performing adjusted tests for week-specific differences in fetal growth curves. Analyses were performed using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA) or R (version 3.3.0).
RESULTS
Sample characteristics
Among the 2291 women (98%) included in the analysis, 932 (41%) reported the use of any medication containing acetaminophen during gestation. Of the prenatal acetaminophen users, 795 (85%) reported only using medications with acetaminophen as the sole active ingredient throughout follow-up. Another 89 women (9%), reported use of both medications with acetaminophen as the sole active ingredient and medications with other active ingredients (e.g., narcotics, antihistamines, nasal decongestants). An additional 54 women (6%) reported only using medications with a primary active ingredient other than acetaminophen (e.g., narcotics, antihistamines, nasal decongestants) but also containing acetaminophen.
The average maternal age at study enrollment was 28.2 ± 5.5 years of age, and women generally had normal pregravid BMIs, 23.6 ± 3.0 kg/m 2 as per study design (Table 1) . Compared with women who reported no acetaminophen use during their pregnancy, reported usage of acetaminophen was more prevalent among non-Hispanic White and non-Hispanic Black women (p < 0.0001). Additionally, having a college degree, an annual income ≥$100,000, having one or more jobs, and having private insurance or managed care was more prevalent among women with any reported acetaminophen use, compared with those reporting no use (p values ≤0.001, Table 1 ).
Estimates of change in growth of fetal biometry Figure 1 presents the estimated curves of measured fetal parameters, BPD, HC, AC, and FL, by gestational acetaminophen use category, including the median (50th), 5th, and 95th percentiles. We found no significant differences in estimated fetal parameters across gestation between reported acetaminophen use groups (all gestational week-specific global p values ≥0.05). Estimated differences in fetal parameter means presented in Table 2 support the lack of variation between fetal growth parameters by reported prenatal acetaminophen use (pairwise comparison p values ≥ 0.05).
The fetal curves (median, 5th, and 95th percentiles) for estimated fetal parameters, EFW, HC/AC, and FL/AC, by acetaminophen use category are displayed in Fig. 2 . Acetaminophen use patterns were not associated with differences in fetal EFW, HC/AC, and FL/AC (gestational week-specific global p > 0.05 for all).
DISCUSSION
In a prospective cohort of healthy pregnant women with low-risk antenatal profiles, prenatal acetaminophen use was not associated with fetal growth. These findings are reassuring given that use was common (41%) in our study population. Still, we exercise caution in our finding in light of our reliance on a rather global measure of self-reported usage that may not be sensitive to specific patterns of use. For example, most (n = 495; 53%) women who reported using any acetaminophen medications noted intermittent use, which may be associated with measurement error or bias.
It is difficult to compare our findings with previous epidemiologic studies, given the few population-based longitudinal studies currently addressing this question. Several earlier studies explored maternal use of acetaminophen during pregnancy and risk of allergic disorders (i.e., wheezing, asthma, eczema) in childhood [24] [25] [26] or neurodevelopment or behavioral outcomes (i.e., attention deficit hyperkinetic disorder). 27, 28 While some studies have reported increased odds ratio for amniotic band syndrome, with first trimester therapeutic use, 29 to our knowledge none has examined the relationship between prenatal acetaminophen use and growth of core fetal biometrics, estimated fetal weight or parameter ratios indicative of asymmetric fetal growth.
Strengths and limitations
The NICHD Fetal Growth Studies was an ambitious undertaking to define new fetal growth standards for racially/ethnically diverse pregnant women in light of marked demographic changes in contemporary pregnant women. The major strength of our study was the prospective collection of both medication use and fetal growth measurements at multiple study visits across gestation. Furthermore, women in the NICHD Fetal Growth Studies overwhelmingly reported free text medication data at every study visit. Moreover, the classification of such medication data according to the reputable Slone Drug Dictionary and "Coding Engine" program, which identify medications according to a specific component, product, or group of products, limits potential exposure misclassification.
Potential limitations of this novel assessment include limited external validity or generalizability as our cohort, by design, was restricted to healthy women with low-risk antenatal profiles. This may, in part, be reflected in the large percentage of women (59%) never reporting any prenatal acetaminophen use. We also recognize the potential limitations of assessing acetaminophen use with an open-ended questionnaire supplemented by chart review. There is the potential for under-reporting due to differences in recall or recognition of medications containing acetaminophen. Women in our cohort reporting acetaminophen use were more educated and had higher incomes than women with reported use. It remains possible that such women more reliably reported exposure or not if they had greater recognition of acetaminophen in other medications and reported it correctly. The extent to which such differences or other reporting biases may be generated with the use of self-administered questionnaires remains to be established. Another potential limitation is the lack of information on dosage provided by women in our cohort precluding a more formal investigation of potential dose-response relationships. Furthermore, while data on "frequency of medication use since pregnancy" was collected at enrollment and "frequency of use since last visit" was collected at each follow-up visit (Supplemental Table S1 ), the timing of followup is disjointed with the timing of exposure; meaning that we only know that exposure occurred sometime between the prior and current visits. The unknown timing (date of acetaminophen use) of exposure coupled with the sparse exposure patterns make modeling of growth trajectories as a function of temporally varying exposure (acetaminophen use) a non-trivial task. However, if we had coarsened the timing of use (i.e., trimesters), the exposure data would have resulted in sparse acetaminophen use patterns, which would have made the identification of distinct growth trajectories for each use profile unrealistic (Supplemental Table S2 ). Finally, we were unable to adjust for confounding by indication as not all women provided information on why they were taking medications containing acetaminophen.
CONCLUSIONS
Among healthy pregnant women, we found no evidence to support that maternal acetaminophen use was associated with altered fetal growth. With the recent attention placed on acetaminophen use and the potential for the Food and Drug Administration to re-evaluate the classification of medications containing this drug and their use during pregnancy, 30 our findings may offer reassurance to mothers who have limited medication options and require pain or fever relief. Still, other important neonatal outcomes await purposeful investigation to ensure the absence of developmental toxicity. the statistical analysis, and critically reviewed the manuscript. N.G. and MA.B.
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